ABSTRACT Immunoglobulin concentrations and lymphocyte counts were determined in bronchoalveolar fluid obtained from nine symptomless, healthy, non-smoking granite workers Many humoral immune abnormalities have been described in patients with silicosis. Polyclonal increases in serum immunoglobulins, antinuclear antibodies, immune complexes,1 and autoimmune diseases occur with increased frequency in patients with silicosis.4 Caplan' reported the presence of serum rheumatoid factor in Welsh coalminers. These findings suggest non-specific B lymphocyte hyperactivity. Various soluble mediators secreted by stimulated macrophages have direct effects on immune cells and their products, and could be causally related to these abnormalities. These cytokines, chemotactic factors, and fibrogenic factors such as interleukin 1 have also been suggested as mediators of silicotic fibrogenesis.6-'10 Lowrie" pointed out that macrophages exposed to silica may not die, as previously suggested,2 but may survive with altered metabolism.
lavage fluid from the workers were significantly greater (15.5%) than control counts (5.6%; p < 0.05). The normal albumin concentration suggests that differences in permeability do not account for all of the increased immunoglobulin concentrations found in granite workers' lavage fluid and that some immunoglobulin is locally synthesised. It is concluded that occupational exposure to granite dust is associated with an increased proportion of lymphocytes and an increased concentration of immunoglobulin in lavage fluid that may reflect a subclinical immune inflammatory response.
Many humoral immune abnormalities have been described in patients with silicosis. Polyclonal increases in serum immunoglobulins, antinuclear antibodies, immune complexes,1 and autoimmune diseases occur with increased frequency in patients with silicosis. 4 Caplan' reported the presence of serum rheumatoid factor in Welsh coalminers. These findings suggest non-specific B lymphocyte hyperactivity. Various soluble mediators secreted by stimulated macrophages have direct effects on immune cells and their products, and could be causally related to these abnormalities. These cytokines, chemotactic factors, and fibrogenic factors such as interleukin 1 have also been suggested as mediators of silicotic fibrogenesis.6-'10 Lowrie" pointed out that macrophages exposed to silica may not die, as previously suggested,2 but may survive with altered metabolism.
Differentiation of epiphenomena from relevant pathogenic mechanisms has, however, been difficult. Study of early disease, and of subjects with exposure to granite dust or crystalline silicon dioxide but without disease, may provide insight into the relevance of these immune processes to the production of silicosis. The Barre, Vermont, granite sheds provide an opportunity to study a stable industrial population chronically exposed to levels of a biologically active and potentially injurious agent that are below the current threshold limit value (TLV).
In a study of normal, healthy granite workers we found a considerable quantity of granite dust in alveolar macrophages recovered by bronchoalveolar lavage fluid. Macrophage phagocytic function was preserved.12 Although the total numbers of cells recovered in lavage fluid were not different, there were increases in the proportions and numbers of lymphocytes in lavage fluid that were not mirrored in blood. Analyses of T and B fractions of T cell subsets were not performed. We speculated that the immune system played a part in the biological response to inhaled Raised immunoglobulin concentrations in bronchoalveolar lavage fluid of healthy granite workers granite dust (silica), and that the reported B cell hyperactivity might be related to the pathogenesis of disease. The increase in lymphocytes in the lavage fluid suggested a local immune response. We formed the hypothesis that a humoral immune response accompanied the cellular influx. To test this hypothesis, we have analysed cell free supernatants of the same bronchoalveolar lavage fluid specimens from nine granite workers and nine non-industrial controls for immunoglobulins G, A, and M and for albumin and total protein concentrations.
Methods

STUDY POPULATION
Nine workers actively employed in the Barre, Vermont, granite industry and nine contemporary nonindustrial control subjects volunteered to undergo bronchoalveolar lavage. All provided informed consent in a manner approved by the University of Vermont committee on human research. The study population has been described in detail.12 All subjects were non-smokers. All 18 volunteers had normal findings on physical examination; normal spirometric performance; and normal chest radiographs, electrocardiograms, and complete blood counts. None of the workers therefore had clinical evidence of silicosis. Workers were older (mean age 45.6 years, range 22-56 years) than the control volunteers (mean age 22.8, range 21-32 years), and all were male. BRONCHOALVEOLAR LAVAGE Bronchoalveolar lavage was carried out as previously described.12-14 Four 60 ml aliquots of sterile 0.9% saline (Travenol Laboratories) were instilled and immediately aspirated through a bronchofibrescope wedged in a subsegment of the right middle lobe or lingula. All of the fluid for each subject was pooled for analysis. A cell free supernatant was prepared by centrifugation at 400 g for 15 minutes at room temperature and then frozen at -70°C until analysed. Details of the cellular analysis are published elsewhere.12 Briefly, air dried cytocentrifuge smears were stained with May-Grunwald-Giemsa and at least 300 cells were identified as alveolar macrophages, polymorphonuclear leucocytes, or lymphocytes. IMMUNOGLOBULIN 
Results
LAVAGE FLUID CHARACTERISTICS
Analysis of the cellular phase of these lavage fluid samples has already been reported.'2 There was a significantly higher proportion of lymphocytes in lavage fluid from workers (15.5% (3.3%) of total) than in control samples (5.6% (0.9%); p < 0.02). The fraction of alveolar macrophages was 82.0% (3.9%) in the controls, and 92.9% (1.8%) in the workers (p < 0.02). A higher proportion of alveolar macrophages from workers than from controls contained dust as measured by polarised light microscopy (76% (4%) v 6% (1%); p < 0.01) and confirmed by scanning electron microscopy with x ray energy spec-268 troscopy. Total cell recovery was not different (11.1 (2.1) x 106 in workers, 12 figure 4 . This ratio is numerically identical to the secretion:serum ratio of a constituent divided by the secretion:serum ratio of albumin. In figure 4 albumin is by definition 100%. Figure 5 depicts lavage IgG, IgA, and IgM and albumin normalised to total protein (rather than albumin) as a proportion of the corresponding serum ratio, and is analogous to figure 4 . A simple perme- ability model in which molecular weight is the sole determinant of distribution predicts that small molecules, such as albumin and transferrin, will show relative lavage enrichment but that proteins with higher I those less than 100% relative exclusion. Figure 5 Protein ratios in workers showed a different patws that for control subjects the lavage:serum (L:S) tern. Although the L:S ratio for albumin was not io for albumin was 171%. Lavage fluid was rela-significantly different than the control value at 157%, analysis. There was no systematic error difference rnunoglobulins, normalised in relation to total protein between these two methods, and the slope of the line P). This ratio is calculated as in figure 4 , where A and C of best fit was 0.98. 
Discussion
Exposure to crystalline silicon dioxide remains a problem of occupational and public health. Since the institution of dust control measures in 1938-40, the prevalence of clinical silicosis and silicotuberculosis in Vermont granite shed workers has declined sharply. Although it has been suggested that deterioration in pulmonary function in these workers is accelerated by low levels of granite dust exposure,22 these findings have been questioned. 23 In addition, there is no evidence of an association between employment in the industry and a higher proportional mortality rate than in the United States population in general. 24 Craighead,25 however, showed fibrotic lesions containing silicon in all the postmortem lung specimens from 15 granite workers who died of diseases other than pneumoconiosis. None ing." Our methods did not include enumeration of IgG secreting cells, which may account for the lack of correlation. Alternatively, the differences in the patient population may be responsible. Although some of the immunoglobulin is probably of local origin, the correlation between IgG and albumin and between IgA and albumin allows the possibility of some increased transudation as well; variable dilution may, however, have accounted for this relationship. These correlations exist both in the combined (control and worker) data (table 1) and in the data on the worker group alone (not shown). There were no interprotein correlations among the non-industrial control data when these were analysed alone.
We suggest that increased concentrations of immu-271 272 noglobulins in bronchoalveolar lavage fluid represent a part of an immune-inflammatory response initiated and perpetuated by inhalation of granite dust. The cellular mechanisms by which granite dust induces this response are not clear. Burger and colleagues37 reported enhanced proliferation of mouse splenocytes in response to mitogen when exposed to silicon oxide. Soluble mediators such as interleukin 1 and prostaglandin E2 secreted by macrophages containing silica may play a part. Furthermore we have suggested that there may be exogenous or altered endogenous antigens associated with the particulate silica. Delineation of these process will require further study. Occupational exposure to granite dust produces cellular and biochemical responses that can be quantified by analysis of lavage fluid. The changes we describe may be important in the pathogenesis of silicosis.
